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Abstract. This study proposes a modified initialization approach for the conventional FCM,
namely FCM with guided initialization. The FCM with guided initialization was implemented to
segment the relevant regions in the breast histopathology images. The initialization method to
select initial centers is based on the Cyan (C) channel histogram. Area Overlap Measure (AOM)
and Combined Equal Importance (CEI) were used to evaluate the performance of the proposed
FCM with guided initialization. The obtained AOM and CEI for the overall dataset achieved
promising results: 0.89 in AOM and 0.88 in CEI. When comparing the number of iterations
required to complete the proposed FCM clustering algorithm, the FCM with guided initialization is
found to be effective in reducing the search space by showing a lower number of iterations.

1. Introduction

Segmentation is often used as a preliminary step in the image processing, specifically in the breast
histopathology image. The intrinsic nature of the breast histopathology image such as fuzziness,
complexity, and heterogeneous [1, 2] elevate challenges in the segmentation. Segmentation of relevant
regions (i.e., tumor regions) is crucial for breast carcinoma grading specifically in the assessment of
glandular formation [3, 4]. The relevant regions provide diagnostically important information which hold
a paramount role in providing scores to the overall grade.

Clustering is a common technique employed in data mining and data analysis [5]. Clustering
technique performs classification or segmentation on objects that share similar characteristics, features
and properties into subsets of data known as clusters. Theoretically, clustering algorithms aim to
maximize similarity between intra-cluster objects and minimized similarity between inter-cluster objects.
Fuzzy C Mean (FCM) is one of the popular approaches in clustering analysis. FCM has been reported by
many studies on its superior ability in partition fuzzy dataset into different clusters with similar properties
[5, 6]. However, FCM is not flawless. This algorithm is sensitive to initial guess. Dead center, center
redundancy and trap in local minima are some typical limitations of FCM [7].

The main objective of this study is to reduce limitations of the conventional FCM algorithm. The
conventional approach to obtain the initial centers for each cluster was modified so that the initial centers
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can be selected systematically from the intensity histogram of the input images. The proposed method for
center initialization with FCM algorithm was implemented on the breast histopathology images to obtain
relevant regions, non-relevant regions, and background areas (Figure 1). The organization of this study is
as follows: Section 2, methodology; Section 3, experimental results; and Section 4, conclusion.

@ b
Figure 1. Samples of histopathology images. The relevant regions, non-relevant regions and background
are shown by the black, red and blue arrows, respectively.

2. Methodology

Figure 2 shows the block diagram of the proposed method. The proposed method consists of four steps:
color normalization, selection of color channel, FCM with guided initialization and post processing. The
details of each sub-step are described in the following subsections.
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Figure 2. Block diagram of the proposed method.

2.1 Color Normalization

Color normalization step aims to standardize and reduce color inconsistency in the RGB input
histopathology images. This step was done using histogram matching algorithm [8]. Histogram matching
method was selected as it can provide fast and simple computation on large size of image and it can
ensure smoothness of the clustering process in the later sub-step of segmentation.

2.2 Selection of color channel

For the purpose of relevant region segmentation, a comprehensive empirical study was conducted by
investigating YCbCr, HSV, and CMY color models. The empirical analysis found that the Cyan (C)
channel from the CMY color model shows significant discrimination in color features between the
relevant, non-relevant regions, and the background areas. The C channel which complements the R
channel (i.e., based on the RGB to CMY color conversion) provides a relatively high C value for the
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relevant regions, moderate C value for irrelevant regions, and a low C value for the background areas.
Hence, the C channel was opted as the input color channel to the consequence sub-steps.

2.3 FCM with Guided Initialization

Based on the domain knowledge, the relevant and non-relevant regions in the breast histopathology image
have a distinct degree of stain absorption, therefore, the relevant and non-relevant regions could be
discriminated using the color feature [9]. The FCM clustering algorithm was selected to partition the input
image into relevant regions, non-relevant regions, and background. The conventional FCM clustering
algorithm applied with random initialization method have been reported with several limitations as
described in Section 1. To address these limitations, the initialization method was modified to select
initial centers based on the C channel histogram. Incorporation of the domain knowledge in color feature,
specifically in the selection of initial centers for the relevant regions, non-relevant regions, and
background are hypothesized to reduce the search space and avoid the limitations aforementioned. Three
initial centers were selected for background (/C1), non-relevant regions (/C2), and relevant regions (IC3).
The search for IC1 and IC3 were performed using the local maxima search algorithm (i.e., hill climbing
method [10]) to obtain the first and second intensity peaks (Figure 3) whereas IC2 was obtained using
Equation (1).
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Figure 3. Illustration of C channel histogram.
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FCM clustering algorithm requires two input parameters: number of clusters (n.) (i.e., n.=3 in this
study) and initial cluster value for each cluster. Consider an image with N number of pixels to be
clustered into n. regions. V; is i" data and C;is j" center i = 1,2, ..., Nand j =1, 2, ..., n.). The steps of
the FCM are as follows:

1. Set number of cluster (n.).
2. Set initial cluster value for each cluster obtained using the proposed initialization method.

3. Calculate the membership (M;;) using Equation (2):
1 . ..
Ziéa(at)
where djl = ”Vl - C]”
Mj; =1 Fd
Mji = O;fOT'i :Fk}lf ki =0

4. Calculate the new center using Equation (3):
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5. Repeat steps 3 and 4 until the center remain unchanged.

2.4 Post Processing

The small artefacts on the FCM with guided initialization outputs were removed using morphological
operation [11]. A “closing” morphological operation with a “disk” structure element (i.e., radius of 1
pixel) was implemented to remove and fill holes in the obtained outputs.

2.5 Evaluation Metrics

Two statistical metrics were used for evaluation: Area Overlap Measure (AOM) and Combined Equal
Importance (CEI). AOM is defined as a ratio of the intersection to the union of the two areas to be
compared. This metric is commonly used to evaluate the performance of the object region segmentation
algorithm. CEI is an equation that combined AOM, over-segmentation, and under-segmentation to
provide them an equal importance. The equations of AOM and CEI are given in Equations (4) and (5)
[12], where A denotes to the result obtained from the proposed procedure and B denotes the ground truth.

areal|ANB
AOM = &relans| 4)
area|AUB|
area|B|—-area|ANB| areal|A|-area|ANnB|
CEI — AOM+(1 area|B| )+(1 arealA| ) (5)
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3. Experimental Results

3.1 Dataset

The histopathology slides of breast carcinoma were locally collected, in Malaysia. The breast
histopathology slides were obtained from the Pathology Department, Hospital Tuanku Fauziah, Kangar,
Perlis, Malaysia. A total of five breast histopathology slides were used in this study. These slides were
prepared under a standard staining procedure aligned with the guideline of MOH, Malaysia, as in [13], by
using the Hematoxylin and Eosin (H&E) stain. An Aperio CS2 WSI scanner was used to convert the
slides into digital form (i.e., digital histopathology slides). The digital histopathology slides were viewed
and captured using the Aperio ImageScope software at 10x magnification. The captured histopathology
image is an 8-bit RGB colour with dimensions of 614x1240 pixels (size of pixel: 0.2521 um per pixel)
and is in tiff file format. A total of 25 histopathology images were used in this study, such that five
images were captured from each slide which corresponding to different dominant regions.

3.2 Results and Discussion

In Figure 4, images (a), (b) and (c) show three RGB breast histopathology images namely, BC1, BC2 and
BC3, respectively. Images (d), (e) and (f) show the outputs of the FCM with guided initialization applied
on BCI1, BC2 and BC3, respectively. The clustering output of /C3 (i.e., relevant regions) are shown in
white areas. The obtained AOM and CEI for BC1, BC2, BC3 and the overall dataset are given in Table 1.
From the table, the proposed method is found to be robust and effective in segmenting the relevant
regions. The obtained AOM and CEI in the overall dataset show promising results: 0.89 and 0.88,
respectively.
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Figure 4. Results of FCM clustering using the proposed initialization method.

Table 1. The obtained AOM and CEI for BC1, BC2, BC3 and the overall dataset.

Images AOM CEI

BC1 0.84 0.86

BC2 0.86 0.88

BC3 0.85 0.89

Average for 25 images 0.89 0.88

The number of iterations for the conventional FCM (with random initialization) and FCM with
proposed guided initialization were compared and shown in Table 2. The FCM with proposed guided
initialization shows its ability to reduce the search space and complete the clustering algorithm with a
smaller number of iterations (i.e., shorter computation time). As the initial centers were selected
systematically from the histogram of Cyan channel, the limitations such as dead center, center redundancy
and local minima could be avoided.

Table 2. The number of iterations for BC1, BC2, BC3 and the overall dataset.

Tmages Iteration(s)
Conventional FCM FCM with guided initialization
BC1 12 7
BC2 12 5
BC3 11 6
Average for 25 images 13 6

4. Conclusion

This study presented a modified initialization method for the conventional FCM clustering algorithm,
namely FCM with guided initialization. The initial centers of the FCM were not inherent from random
generation, but selected systematically from the histogram of the Cyan channel. Domain knowledge in
breast histopathology image was incorporated into the algorithm to assist the selection of initial centers
from the histogram. The FCM with guided initialization is found to be robust and effective in the
segmentation of relevant regions in breast histopathology images (Table 1). The proposed method is able
to reduce the search space by completing the clustering algorithm with the lower number of iterations
(Table 2). The proposed method is also able to avoid limitations such as dead center, center redundancy
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and trap in local minima as reported in Section 1. The similar initialization approach could be used in the
other cluster analysis such as K-Mean clustering algorithm to address the similar limitations. It is
important to emphasize that for different medical images (e.g., magnetic resonance (MR) images), the
FCM with guided initialization might require different domain knowledge in selecting the initial center.
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